Study objective: There is evidence suggesting that artificial feeding is associated with a reduction in cognitive function in infants and children, in contrast with breast feeding, but the available evidence suffers from confounding by social and educational factors. An opportunity arose in the Caerphilly cohort study to examine relations between cognitive function in older men and their feeding as infants, when breast feeding was usual. Design: A prospective cohort study. Setting: Caerphilly, South Wales, UK, was a deprived coal mining community when the men had been born in 1920-35. Most had been breast fed as infants. Participants: 779 men aged 60-74 years when tested. The men had earlier been asked to obtain from their mothers their birth weight, and how they had been fed as infants. Results: Complete data were obtained for 779 men. In those whose birth weight had been at or above the median, the adjusted mean cognitive function was only slightly and non-significantly lower in those who had been artificially fed. In the men whose birth weight had been below the median, having been artificially fed was associated with significantly lower results in both a test of reasoning (the AH4) and word power (the national adult reading test (NART)). Two standard deviations below the median birth weight, artificial feeding was associated with a reduction of six points (70% of a SD) on word power (the NART). Conclusions: In men whose birth weight had been low, having been artificially fed is associated with poorer cognitive function in late adult life.
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T he relevance of breast and artificial feeding to cognitive function has been long debated. In a meta-analysis 1 of 20 studies of children whose cognitive function had been tested between infancy and adolescence, breast feeding was associated with significantly better cognitive performance. The benefit seemed to increase with increasing duration of breast feeding and was greatest in those whose weight at birth had been low.
The studies in this meta-analysis, 1 and most of the other relevant studies, have been based on infants and young children, and it is difficult to make long term predictions from results obtained in childhood. One recent study however was based upon the testing of adults at ages 19 and 27 years and in this there was a pronounced positive association, cognitive performance increasing with longer duration of breast feeding, up to nine months. 2 The hypothesis that infant feeding with cows' milk is inadequate for full cognitive development is supported by the presence in breast milk, but not cows' milk, of certain long chain polyunsaturated fatty acids that are major components of cell membranes within the central nervous system. 3 These are essential for preterm infants, 4 and an overview of randomised controlled trials has shown benefit from supplementation in term infants. 5 Until very recently, none of these nutrients have been added to any formula milk. 6 The evaluation of infant feeding is difficult, particularly in recent studies in industrialised countries, because of pronounced confounding between the method of feeding, breast or artificial, and social, educational, emotional, and other factors relevant to general child care and child development. During the past 20 or 30 years, mothers who have chosen to breast feed are likely to have been, on average, the more advantaged, and probably the more health conscious. Furthermore, while factors such as these operate primarily during infancy, a mother who has breast fed may go on to instil beneficial lifelong health and social behaviours in her offspring.
On the other hand, in earlier years, when breast feeding was the standard method of infant feeding, and artificial feeding much less prevalent, a mother's choice of feeding method for her infant was unlikely to have been seriously biased by social and educational factors. 7 8 Of particular interest, therefore, are the associations between breast or artificial feeding and the cognitive function of older persons.
This report is based on the results of cognitive function tests in a large population sample of older men. The aim was to compare the cognitive function of men who had been breast fed or artificially fed as infants from a comparison of cognitive tests. The men had already obtained from their mothers whether or not they had been breast fed and the duration of breast feeding if appropriate.
METHODS
The Caerphilly cohort study, which was set up in 1979-83, was based on men born between 1920 and 1935. 9 In 1994-8, the men were aged 60-74 years, each was asked to do a number of tests of cognitive function. The tests were undertaken in a quiet room at home by a specially trained technician. 10 11 The tests were:
N The national adult reading test (NART) tests a subject's knowledge of words. The results indicate pre-morbid IQ, that is general cognitive function before any decline attributable to age or disease.
N The AH4 13 tests verbal and mathematical reasoning in a series of questions presented on a computer screen. The number of questions answered correctly within the first 10 minutes is used as a measure of general intelligence.
N The choice reaction time (CRT) measures hand-brain reaction speed. Visual stimuli are presented on a computer screen and the subject has to press an appropriate button on a four button keyboard. The mean delay is used as a measure of the speed of reaction.
The tests of cognitive function were undertaken twice, with a five year interval. Most of the men were totally unfamiliar with such tests, and many had never used a keyboard or computer before. We have therefore based this report on analyses of the second tests, to reduce differences in men in the use a keyboard and responding to a computer screen.
The men had already been asked to obtain from their mothers, if still alive, their birth weight, whether or not they had been breast fed and if so, for how long.
Analysis of the associations between infant feeding and cognitive function was by multiple linear regression, adjusting for possible confounding. Factors for which adjustments were made related to the subjects themselves (age, social class, education, and birth order), and related to conditions during the man's childhood (parental social class, the number of siblings, and unemployment of his father for a year or more while the subject had been aged under 10 years).
RESULTS
The Caerphilly cohort study has many objectives, the main ones being relevant to vascular disease. Cognitive function tests performed by the men when aged 60 to 74 years are used in this report.
Altogether 1701 men attended the main clinics and a further 209 men were seen at home (93% of the survivors of the original cohort). Of these, 1220 (66%) completed the cognitive function tests satisfactorily. Information on how these men had been fed as infants had already been obtained from the mothers of 64% of the men with cognitive function data (779 men). Of these, 593 (76%), had been breast fed and 186 (24%) had been artificially fed. It had not been possible to ascertain the duration of breast feeding of 222 (37%) of the men. Table 1 summarises data on social and other factors that could confound the relations of interest. On the whole, differences between men who had been breast fed, and men who had been artificially fed, are small. The most important difference is that the men who were breast fed had been significantly heavier at birth than the men artificially fed, by about 400 g (12%), and the men who had been breast fed for three months or more had been 450g (14%) heavier than those who had been fed artificially. Birth weight is therefore treated as an important confounding factor and relations are presented within two subgroups, namely those who had been above the median birth weight, and those who had been at or below the median (3.56 kg or 7 1b 13.5 oz). Adjustments are made for differences in social class, education, birth order, and family size as well as for paternal social class and unemployment of the fathers.
In table 2 the mean test scores are shown for groups of men subdivided by both how they had been fed as infants, and their birth weight. The table also shows the differences in means between the scores for men who had been breast fed and the scores in those who had not been breast fed. These differences have been obtained from multiple regression analyses, adjusted for a large number of possible confounding factors, as shown in the footnote to the table.
After adjustment for the age of the men, their social class, education, birth order, and family size, plus their father's social class, and unemployment, those whose birth weight had been above the median show very little effect of how they had been fed as infants. For the men whose birth weights were on the median or below, there are however differences, all of which favour breast feeding. For both the test of word power (NART) and of verbal and numeric reasoning (AH4), the differences are large and significant in the men for whom the duration of breast feeding is known. There is also a suggestion that the longer breast feeding was maintained, the greater the difference, although this effect is not statistically significant. The CRT also shows differences favourable to breast feeding (that is, shorter reaction times) although the differences are not significant within any subgroup of men. In the men for whom the duration of breast feeding is unknown, the differences are all favourable, though none is significant.
The effect of birth weight on the relation between cognitive function and breast feeding is likely to be continuous, and furthermore, the effect can reasonably be assumed to be curvilinear, otherwise the regression line could cross the origin and suggest that breast feeding of high weight infants is harmful to cognitive development. The overall mean NART score is 106.5 SD 9.10, and the difference between the regressions of NART score on birth weight in men who had been breast fed for three months or more and men who had not been breast fed, is described by the relation: Reduction of NART score in men artificially fed = 42.818-4.885 ln g birth weight.
This implies that at around two SD below the mean birth weight, having been artificially fed is associated with a reduction of over six points on the NART (about 70% of a SD), while at two SD above the mean birth weight, the reduction is only one NART point (about 10% of a SD).
DISCUSSION
The Caerphilly cohort has considerable advantages for this study. Caerphilly is a small industrial town and in the 1920s and 30s, the community was comparatively deprived and was fairly homogenous both socially and economically. Breast feeding was usual and artificial feeding uncommon. A report in the early 1940s 14 stated that almost three quarters of the infants in an industrial town received breast milk, and there was no difference in the household income, the housing, or the domestic hygiene relevant to these infants compared with those artificially fed. Brown et al 7 list a number of reasons why mothers did not breast feed around the same time. Almost all the reasons given were infections or chronic diseases, and none was directly social, educational, or economic.
Nevertheless, the data in table 1 show that there had been some selection within the present cohort. The lower average birth weight of the men who had been artificially fed suggests that they had been born into families in poorer socioeconomic circumstances than those breast fed. At the same time, the data also show that these same men came from smaller families and more of them had been first born. The combined effect of these and the other differences shown in table 1 is therefore not easy to judge because some favoured the health and development of the breast fed infants, while other differences, such as the number first born and the numbers of siblings, are likely to have favoured the men who had been artificially fed. We have, however, adjusted for the factors that are listed above and shown at the foot of table 2.
It is unfortunate that data are not available for the total cohort of men, and the omissions could have introduced a selection bias. At the same time, none of the factors leading to exclusion, such as unavailability of the mother or her inability to remember, or embarrassment or lack of interest on the part of the men, etc, is likely to have seriously biased the relations of interest.
A weakness in the study is uncertainty as to the validity of the data on breast feeding. There is no way in which the data supplied by the mothers of the men could be checked. However, the birth weights, which the mothers had also supplied from memory, show relations with incident vascular disease that are both in the expected direction, and of about the strength that would be predicted from published studies. 15 The NART attempts to estimate performance at its peak, before there are effects of age and disease. 12 This would therefore seem to be the most appropriate test in relation to the long term effects for which we are testing. Within the total group, artificial feeding is associated with a NART score that is four points lower, that is, around 50% of a SD. This is close to the estimate made by Mortensen et al 2 in a recent study of young adults, namely lower scores in those Table 2 Mean cognitive function (SD) and infant feeding as infants in men subdivided at the median birth weight (3.56 kg) 
Key points
N The artificial feeding of infants is associated with a reduction in cognitive function that is still apparent 60 and more years later and the effect is pronounced in subjects whose birth weight had been below average.
N The cognitive function of subjects whose birth weight had been below average was associated with a reduction of about 4%.
Policy implication
There is no adequate substitute for breast milk and no effort should be spared in promoting breast feeding.
artificially fed by half a SD for one test, and one fifth of a SD for another test. Our data take this further and show a relation with birth weight. An interaction with birth weight has been shown in other studies. The meta-analysis of Anderson et al 1 suggested that the effects of artificial feeding are greater in infants born prematurely than in those born at term. Similarly, Lucas et al 16 found that the effect of artificial feeding on cognitive performance in early childhood was more noticeable in those who had been small for gestational age. At two SDs below the mean birth weight in our cohort, artificial feeding is associated with a six point lower score on the NART (about 70% of a SD). None of this is however surprising as the rate of brain growth is greater in pre-term than in term babies.
Most of the studies reported so far have been based on infants or children. 1 16 17 Intelligence is said to be unstable in the first 10 or so years of life 18 and it is possible that any apparent advantage in some of the children could simply be a consequence of psychological and other interactions between the child and its parents. The more distant from these early effects that advantage can be shown, the more likely it is that the effect is a direct consequence of developmental differences within the brain of the offspring. Our study, the first to be based on older adults, shows an effect 60 and more years after infancy, by which time any psychological or attitudinal influence from parents is likely to have become trivial.
A measure that is associated with a reduction of intelligence by anything approaching half a SD is of enormous potential detriment in almost every activity throughout the whole of life. Granted that the artificial feeds that the men in our cohort will have received will probably have been diluted sweetened cows' milk, and were therefore very different to the present day infant formula milks. Nevertheless, it is unlikely that there will ever be a fully adequate alternate for breast milk and therefore no effort should be spared in promoting breast feeding.
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